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Medical Informatics
Use of Medical Informatics to Implement and

Develop Clinical Practice Guidelines
DOUGLAS K. OWENS, MD, Palo Alto, California

Clinical practice guidelines have enormous potential to improve the quality of and accountability in
health care. Making the most of this potential should become easier as guideline developers integrate
guidelines within information systems and electronic medical records. A major barrier to such integra-
tion is the lack of computing infrastructure in many clinical settings. To successfully implement guide-
lines in information systems, developers must create more specific recommendations than those that
have been required for traditional guidelines. Using reusable software components to create guide-
lines can make the development of protocols faster and less expensive. In addition, using decision
models to produce guidelines enables developers to structure guideline problems systematically, to
prioritize information acquisition, to develop site-specific guidelines, and to evaluate the cost-effec-
tiveness of the explicit incorporation of patient preferences into guideline recommendations. Ongo-
ing research provides a foundation for the use of guideline development tools that can help
developers tailor guidelines appropriately to their practice settings. This article explores how medical
informatics can help clinicians find, use, and create practice guidelines.
(Owens DK. Use of Medical Informatics to Implement and Develop Clinical Practice Guidelines. West j Med 1998;
168:166-175)

What have you done for me lately? identify the appropriate guidelines. Medline, the
JANET JACKSON' National Library of Medicine's bibliographic database,

is a good place to start, although it does not index all
imagine that you are in your office seeing Mr James guidelines. Begin the search by using the keywords

for a routine visit. Mr James is 62 years old and has "practice guidelines" and "diabetes mellitus" (in June
diabetes and ischemic heart disease, which is manifest- 1997, this search returned 137 citations). To narrow the
ed by mild congestive heart failure and occasional angi- options, add searches for the terms "ischemic heart dis-
na. He had a myocardial infarction 3 years ago. Through ease," "congestive heart failure," "angina," and "pre-
his employer, Mr James enrolled with Acme Health ventive care" (these searches yielded 9, 49, 27, and 103
Care, a managed-care health insurance plan that requires citations, respectively). It can be discouraging if, along
Mr James to choose a primary-care provider. Acme with the many resulting citations that are irrelevant, the
Health Care advertises heavily in your area and empha- citations that are relevant refer to journals that are not
sizes its focus on preventive medicine and state-of-the- easily accessible. In addition, Acme Health Care may
art care. As part of its quality-assurance program, Acme appear to have its own set of guidelines. What if the
audits primary-care doctors to determine whether they contracts your office has with over 10 other health care
adhere to certain benchmarks for the care of certain con- plans all use different guidelines? Would you have to
ditions. Knowing this, you decide to investigate whether treat each patient with a different guideline based on
there are clinical practice guidelines to ensure that you who insures the patient?
have not overlooked any intervention that Mr James Clinical practice guidelines have the potential to
might need. What steps should you take to proceed? improve the quality of and accountability in health

First, identify Mr James's major medical problems: care.2-9 Although early studies suggested that imple-
diabetes, ischemic heart disease, congestive heart fail- menting guidelines does not affect physicians' behav-
ure, angina, and a need for preventive care. The next ior,10 more recent reports indicates that implementing
step could involve performing a literature search to guidelines influences the health care process (in most
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instances) and health outcomes.'1 The recent fierce pub-
lic debates about guidelines regarding when to screen
women for breast cancer,12 when to screen asympto-
matic adults for high cholesterol,13-17 and how to treat
low-back pain18'19 reflect the growing influence of
guidelines on clinical policies and reimbursement deci-
sions. But finding and using guidelines in practice can
be difficult and frustrating. In addition, the process of
developing guidelines is challenging and expensive.2-9

This article, which is part of a series on medical
informatics,20 explores how to use medical informatics
to find, develop, and implement practice guidelines.
Medical informatics is the study of biomedical informa-
tion and its use in decision making,20'2' and it includes a
variety of topics: electronic medical records; hospital
information systems; bioinformatics (investigation of
computer science questions related to molecular biolo-
gy); telemedicine; database design; decision support;
digital imaging and storage; decision analysis; and cost-
effectiveness analysis. Guidelines play an important role
in medical informatics because their development and
use identifies and synthesizes (often with computational
techniques) evidence about the outcomes of interven-
tions, a compact representation of the derived policies,
and (it is hoped) the delivery of this compiled knowl-
edge to a clinician at just the moment that he or she
needs it. Each of these tasks, while fitting within the
domain of medical informatics, poses significant
research challenges. In addition, once a clinician has a
guideline in hand, he or she must decide whether and
how to apply it to a patient-the opportunity to use elec-
tronically stored patient-specific data to trigger and
inform a guidelines use could thus arise.

The first section of this article examines resources
currently available to help clinicians locate guidelines.
In the sections following, I describe how informatics
tools can help to develop and implement guidelines. The
final section summarizes current research challenges for
guidelines and information systems and outlines poten-
tial developments that may make guideline use more
convenient and practical.

Finding Practice Guidelines
How could a physician find guidelines to help care

for Mr James? A Medline search would certainly identi-
fy several relevant guidelines; Medline, however, has
two drawbacks. First, to appear in a Medline search, a
guideline must either be published in an indexed journal
or be specially indexed for inclusion in Medline.
Although many guidelines are published in indexed
journals, many others are not. A second limitation of
Medline is that it does not usually make the text of the
guidelines available.

The World Wide Web offers an alternative to
Medline. There is a substantial number of guideline
resources on the Web that continue to evolve rapidly.
The selected websites listed in Table 1 provide access to
hundreds of guidelines that often include full text and

graphics. Many of the websites are maintained by aca-
demic, governmental, or professional organizations.
Certain websites are simply directories; for example,
the site maintained by the Canadian Medical
Association lists over 200 guidelines with links to fur-
ther information about the guidelines. Some sites serve
as directories to other directories, which themselves list
many guidelines. This is the case with Medical Matrix:
its websites provide links to the guidelines developed
by the Agency for Health Care Policy and Research, the
National Institutes of Health, and the American College
of Cardiology, among others. The American College of
Cardiology site is an example of a website developed
by a professional organization. Certain websites, such
as that of the Guideline Appraisal Project, represent the
activities of ongoing research projects that study the
development, dissemination, and evaluation of guide-
lines. As Table 1 shows, a site may use hypermedia
(involving text, graphics, pictures, movies, and sound)
to represent guidelines and related material. Computer-
based representations enable guideline developers to
produce an interactive interface22 to present recommen-
dations that are based on patient-specific information.23

Can these Web resources help physicians find guide-
lines for their patients? In the case ofMr James, a review
of sites yields guidelines on ischemic heart disease, con-
gestive heart failure, angina, diabetes, and preventive
care that may apply to his overall care (Table 2). Some
of these guidelines were available on Medline; others
were not. The full text of each of these guidelines is
available on the Web, which makes it possible for a
physician to download the guidelines and print them
directly in the office. Thus, Web-based resources can
provide help for guideline identification beyond that
available in Medline.

Given the guidelines in Table 2, what do you do with
Mr James? The first problem to note is that a relatively
cursory investigation found only 15 guidelines that
apply to Mr James; a more thorough search would most
likely double (or even triple) that number. To find the
most appropriate guidelines, you would need to read
each of them to see whether they apply to Mr James,
whether you agree with the guideline recommendations,
and whether the Acme Health Care plan authorizes the
recommended interventions. These steps can be com-
plicated and time-consuming. As I discuss in the next
section, however, there is a better way-at least in cer-
tain situations. An additional concern is that anyone can
develop a guideline, and virtually anyone can put a
guideline on the Web. Users must therefore take special
care to evaluate the quality and source of Web-based
guidelines. One way to do so is to limit the use of Web-
based guidelines to those developed by known and
trusted organizations.

The resources on the Web may make it easier to iden-
tify and obtain appropriate guidelines than do paper-
based methods. Computer-based representations of
guidelines can have audio tracks, still pictures, movies,
and interactive formats not possible on printed material.
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These resources can indeed make finding guidelines eas-
ier, although clinicians are still faced with the problem
of how to use them.

Putting Practice Guidelines into Practice
Mr. Jones's example highlights the problem that a

physician must not only find, but determine how to use,
the many guidelines that could apply to a single patient.
When a patient has multiple medical problems, this task
could easily become preposterous. A preferred approach
would be to make the guideline to come to you, rather
than have to find the guideline yourself. How would this
be possible?

The best approach is to integrate the clinical guide-
lines with a hospital information system or an electronic
medical record. Both electronic reminder systems243l
and more complex guidelines that are integrated with an
information system32-34 increase physicians' compliance
with the intended intervention. A report by Safran and

colleagues provides an example. They studied the use of
computer-based guidelines that were integrated into an
electronic medical record for the care of patients with
human immunodeficiency virus (HIV).32 The computer-
based system alerted health care professionals when a
patient's status changed to the point at which prompt
action was warranted, and it issued reminders when a
clinical intervention was necessary, but not urgent. The
investigators divided clinicians into two groups: inter-
vention and control. The computer-based system gener-
ated alerts and reminders for both groups but simply
stored them for the control group. The investigators
studied the length of time from the generation of an alert
or reminder to the clinician's performance of an appro-
priate intervention. In the intervention group, the medi-
an response time to alerts was 11 days. In the control
group, which did not receive alerts or reminders, it was
52 days The median response time to reminders was 114
days in the intervention group; in the control group, it
was more than 500 days. The substantial difference in
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the response times indicates how guidelines that are

merged with routine clinical care can greatly affect the

process of health care.

The study by Safran and colleagues demonstrates an

advantage of computer-based implementations of

guidelines. With traditional guideline implementation,
the provider must determine, for each patient, whether

the guideline recommendations apply. This determina-

tion consists of noting if the conditions that should lead

to an intervention are met: Is this woman over age 50?

Has she had a mammogram within 12 months? Is this

patient's CD4 lymphocyte count less than 200

cellS/MM3,? Is the patient receiving PCP prophylaxis?
When a computer-based guideline is integrated into a

hospital information system or electronic medical

record, the computer system answers questions such as

these by evaluating the necessary conditions from data-

bases of patient information (for example, laboratory

test results). Computers are superb at this task; physi-
cians are not, in part because the relevant patient data

often are not available.37

Three recent reviews have summarized over 100 ran-

domized trials of computer-based reminders, guidelines,
and information systems.37 These overviews suggest

four findings35: computer-based reminders for preven-

tive services increase compliance with guidelines for

most interventions (such as vaccinations, breast cancer

screening, colorectal cancer screening, and cardiovascu-

lar risk reduction), but not for all (cervical cancer

screening and other preventive services); computer-

based reminders usually, but not always, improve physi-
cians' compliance with guidelines for the care of active

medical problems (such as hypertension or diabetes);

there are few studies that evaluate the effect of comput-

er-based systems on patient outcomes; and there are vir-

tually no studies that address the cost-effectiveness of
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computer-based guideline implementation. The three
studies provide strong evidence that computer-based
reminders and guideline implementations do, in fact,
result in the intended changes in provider behavior.
Evaluations of the effect of these systems on patient out-
comes, rather than on the process of care, are more dif-
ficult and more expensive to perform.35"38 Such studies
are clearly needed, however, because changes in the
process of health care do not necessarily result in
improved patient outcomes.

If computer-based reminders and guideline imple-
mentations are useful, why are most health care pro-
fessionals using paper-based systems? There are two
main reasons. First, a computing infrastructure to sup-
port computer-based guidelines is not in place.
Without an electronic medical record and the associat-
ed databases of patient information, comprehensive
computer-based implementations of guidelines are not
feasible, at least in outpatient situations. Hospital
information systems often are comprehensive, but-
with some notable exceptions-few have been
designed to incorporate guidelines.32'39'40 The current
computing infrastructure in medicine is comparable to
that in the airline industry before computer-based
reservation systems or to that in banking before the
use of computer-based financial transactions.

The second reason that most health care professionals
are still using paper-based systems is that there are sub-
stantial technical challenges to the comprehensive imple-
mentation of computer-based guidelines. Implementing
guidelines in electronic medical records requires devel-
opers to design guidelines more carefully than they have
in the past.41'42 Tiemey and colleagues tried to implement
the Agency for Health Care Policy and Research guide-
line for the treatment of heart failure43 in an electronic
medical record and made five observations: the guideline
definition of heart failure relied on an echocardiographic
criterion, ejection fraction, that was not routinely report-
ed at their institution; the algorithm branch points were
not defined clearly enough to enable computer-based
implementation; the branch and decision points relied on
evidence (such as symptoms, findings on physical exam-
ination, or laboratory data) that was not readily available;
the guideline did not consider comorbid conditions or
concurrent drug therapy; and there was little discussion
of patient follow-up.41

These types of problems most often occur because
language that clinicians are able to interpret without
difficulty is not precise enough for a computer. For
example, Tierney and colleagues43 note that an algo-
rithm warns against using angiotensin-converting
enzyme (ACE) inhibitors in patients who have a "his-
tory of adverse reactions or intolerance"-a warning
that immediately leads to the questions, What consti-
tutes an adverse reaction? and What is the definition of
intolerance? Guideline developers must define the rec-
ommendations in terms that are specific and in a way
that allows the recommendations to be programmed
into the information system. Thus, for a computer sys-

tem to be able to identify an adverse reaction, the
developers must specify what constitutes an adverse
reaction (for example, the presence of persistent cough
or a rise in serum creatinine levels above 2.0 mg per dL
[180 pmol per liter]), and the information system must
have access to necessary data (such as clinical history
and laboratory test information).

Guideline implementation poses many technical
challenges for the developers of information systems.37
Although a full discussion of these challenges is
beyond the scope of this paper, they include the diffi-
culty of capturing the required clinical data (such as the
history of a cough in a patient treated with ACE-
inhibiting drugs); the lack of standards for the devel-
opment of medical vocabularies and knowledge bases;
the requirement for confidentiality of patient records
and information; the uncertainty about the legal liabil-
ity of a system that makes (or erroneously does not
make) clinical recommendations; and the difficulty
posed by evaluation of the cost effectiveness of such
expensive clinical information systems. Developers
have made progress in many of these areas,39 but sub-
stantial research challenges remain.

Developing Practice Guidelines
Suppose that, instead of just wanting to fmd and use

guidelines for Mr James's care, you have been asked by
Acme Health Care to help develop guidelines that would
promote high-quality, cost-effective care for Mr James
and patients like him. What is the best way to proceed?
One method would be to convene a local panel of experts
and try to reach a consensus regarding the best practices
for each ofMr James's medical problems. This approach,
perhaps the most common and traditional method for
guideline development, is the fastest and least expensive
way to develop original guidelines. But what if, in our
example, the director of quality assurance at Acme
Health Care has stated that they only accept guidelines
based on "thorough review of the scientific literature"?
Developing evidence-based guidelines requires doing
more than seeking expert consensus; it calls for the
review of perhaps thousands of studies-a far larger task
than most physicians are able to undertake. For example,
the guidelines developed by the AHCPR required about
two years of work and substantial resources.
Alternatively, currently available guidelines could be
reviewed and adapted for use with Acme Health Care-
an approach that many institutions have adopted.

The task of producing guidelines for Acme Health
Care illustrates many challenges in guideline develop-
ment. First, the evolution from consensus-based guide-
lines to evidence-based guidelines-9'44 means that
guideline development now requires more time,
resources, and specialized expertise than in the past.
Review and synthesis of the literature may require
expertise in meta-analysis, decision analysis, clinical
epidemiology, and cost-effectiveness analysis. Thus,
guidelines are likely to be developed by large organiza-
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Figure 1.-The figure is a schematic diagram of the decision model developed in the Cardiac Arrhythmia and Risk of Death Patient
Outcome Research Team project.

tions that have substantial resources. Second, because
guidelines will be used in local practice environments
that may differ substantially from one another, guide-
lines often must be tailored for use in individual practice
settings.4"7 Third, Acme Health Care (and other health
care organizations) needs a mechanism for keeping its
guidelines up to date. In areas of medicine that change
rapidly, such as therapy for HIV disease, guideline
recommendations may become obsolete (or even be
considered harmful) in two years or sooner. Research
in medical informatics has begun to address these, and
other, challenges.

Reusable Softwarefor Protocol-Based Care

One approach to the problems inherent in guideline
development is to design reusable software tools that
enable developers to rapidly create guidelines or proto-
cols. A 10-year research program at Stanford
University led by Musen and colleagues has developed
a computer system known as EON that provides such
tools.48-53 These investigators have designed software
components that perform a variety of functions. The
components generate patient-specific treatment plans
from protocol specifications; they process patient-spe-
cific data to infer concepts about the time intervals for
treatment; they perform time-oriented queries on a
time-oriented patient database (for example, "Has a
patient had anemia during the period in which he was
treated with zidovudine?"); and they facilitate the
acquisition and maintenance of protocol or guideline
knowledge so processing is efficient for both clinical
experts and computers. The researchers used EON to
implement a computer-based medical record system
that offers advice regarding the care of patients who
have HIV disease,54 and they recently demonstrated the
rapid development of a prototype application to sup-
port care for patients who have breast cancer. The tools
developed in this project have the potential to make the
development of protocols faster and less expensive.
They would enable developers to reuse software com-

ponents and build protocols using graphical tools that
are linked to knowledge bases and that contain infor-
mation about specific diseases and treatments.

Decision Models as an Aid to Guideline Development

A second promising area of research involves the
creation of analytic tools to help develop guideline
recommendations. Decision models are created as for-
mal representations of decision problems and include
the alternative treatments or tests, the probability of
intervening chance events, and the value of health and
economic outcomes.55-57 Decision models enable
developers to structure guideline problems systemati-
cally,58 to prioritize information acquisition,59 to
develop site-specific guidelines,45 and to evaluate the
cost-effectiveness of the explicit incorporation of
patient preferences.60
An example of how decision models can provide the

foundation for guideline development is the Cardiac
Arrhythmia and Risk of Death Patient Outcome
Research Team project, a five-year multi-institutional
project designed to assess the effects of strategies to pre-
vent sudden cardiac death on length of life, quality of
life, and costs.61'62 This project developed a decision
model that assesses the cost-effectiveness of using the
implantable cardioverter defibrillator (ICD), compared
with drug therapy, to prevent sudden cardiac death. As
shown schematically in Figure 1, the treatment model
uses information about the risk of death from various
causes, the efficacy of therapy, and patient preferences
to assess the effectiveness and cost-effectiveness of
alternative therapies. The resulting estimates provide a
scientific foundation for the development of guidelines.
(A detailed explanation of this model, with evidence
tables that summarize the pertinent literature, is available
on the Web at http://www-smi.stanford.edu/projects/scd/.
This site is designed to enable clinicians, policymakers,
and guideline developers to examine the assumptions,
evidence, and model structure used to evaluate strategies
to prevent sudden cardiac death.
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In addition, a recently developed method enables
users at remote sites to access the model to perform
analyses via the Web.63 Thus, a guideline developer at a
remote site can change model inputs to reflect local cir-
cumstances and can determine whether such changes
warrant the development of different guideline recom-
mendations. If they do, the developer can create a site-
specific guideline. The ability to disseminate a decision
model (or to have it used remotely over the Web) would
provide local developers with a tool to evaluate the need
for such guidelines; previous analyses indicate that the
development of site-specific guidelines can be notice-
ably advantageous.45 Thus, as shown in Figure 2, a cen-
trally located guideline resource, such as a professional
organization or a governmental agency, could develop
both a guideline and a decision model and disseminate
each to potential users. The users could then modify the
guideline using the decision model as an aid.

To facilitate the development of such site-specific
guidelines, Sanders and colleagues are designing a
computer-based tool that automatically generates anno-
tated clinical algorithms from decision models (Figure
3). Because the system uses a decision model to create
the algorithm, it will be useful for only the subset of
guidelines that are based on decision models. A deci-
sion model, however, does not contain all of the infor-
mation needed to develop an annotated algorithm. The
system therefore prompts the developer of the decision
model to supply additional information-such as the
objective of the guideline, the intended target popula-
tion, the assumptions underlying the decision model,
and the relevant clinical definitions. By denoting the
perspective of the underlying decision model, the sys-
tem also highlights the important distinction between
guidelines developed from the perspective of society, of
a health plan, or of individual patients. Such a distinc-
tion is particularly important if a guideline is based on
a cost-effectiveness analysis.

Looking Ahead
Will medical informatics make developing, finding,

and using guidelines easier? Innovative use of the World
Wide Web should continue to improve the accessibility
of guidelines. Guideline use should become easier as
developers integrate guidelines within information sys-
tems and electronic medical records. Well-integrated
systems eventually should make the problem of finding
guidelines a historical footnote. Integrated systems will
determine for each patient the guidelines that apply and
then prompt the clinician. Figure 4 shows a hypothetical
system that has noted potentially applicable guideline-
based interventions for Mr James; the system enables
the clinician to reject or accept the recommendations.
For example, if a clinician believed that the recommen-
dation of using an ACE-inhibiting drug was appropriate,
he or she would check the "agree" checkbox, which
would lead to a menu calling for the choice of a specific
drug and dose. The system would then electronically

send the prescription to the pharmacy. Such a system
would also have hyperlinks to explanations of the
guideline recommendations, the guidelines themselves,
and associated relevant studies. The goal of this system
is to provide information that physicians need to care
for patients-when the physician needs the informa-
tion-and decrease the time it takes to process and act
on that information.

What must happen before such systems can become
available? An informatics infrastructure-comprehen-
sive electronic medical records or information systems-
must become widely available. Medical vocabularies
must become sufficiently standardized, to ensure that an
information system can understand the meaning of and
relationships between medical terms. Guideline develop-
ers must produce guidelines that are precise enough in
their recommendations to be encoded in information
systems. The developers of integrated guideline systems
must choose the guidelines that the system uses, which
is a potentially formidable task. The system, based on
patient-specific data, would need to dynamically deter-
mine which of the possibly relevant guidelines are most
appropriate for a specific patient. Such a system would
have to include methods to prioritize guideline recom-

II .
I ei

Figure 2.-The figure provides a schematic diagram of an
approach to the development of site-specific clinical guidelines.
A centralized guideline development resource, with necessary
expertise in evidence synthesis, develops a decision model and
guideline and disseminates both to local sites (Clinics A, B, and
C). The local sites use site-specific information about their
patient populations and practice settings, in conjunction with
the decision model, to evaluate whether the guideline recom-
mendations require modification at each site. The local sites pro-
vide feedback to the centralized guideline development center
on the success of implementation, the modifications that were
needed for local implementation, and the effect of guideline
implementation on health and economic outcomes.
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Figure 3.-This figure illustrates the computer interface of a Web-based system for tailoring clinical practice guidelines (CPGs) for
local clinical settings. This system, under development at Stanford University, enables a guideline developer at a remote site to access
a decision model and change the value of input variables. The figure shows a screen used to update a guideline for staging non-small
cell lung cancer. The local developer can change the value of input variables for the previous probability of mediastinal metastases
and the sensitivity and specificity of computed tomography (CT) or mediastinoscopy, among others.

mendations and, potentially, reconcile those that con-
flict. Institutions that use these systems will likely
require the development of policies that address not
only the monitoring of compliance with guidelines,
but the effect of noncompliance on the clinician's lia-
bility. Although these challenges are substantial, sys-
tems that exist today have already solved many of
these problems.

Informatics tools for developing guidelines should
become more widespread and more useful. A promising
model for guideline development is to use a centralized
resource (such as a professional organization, a govern-
ment agency, or a managed-care group) to develop
guidelines; this resource, in tum, would provide tools to
help users modify the guidelines appropriately for their
practice settings, organizational requirements, and
patient populations. A centralized resource may be use-
ful because expertise in evidence synthesis is expensive
and scarce. Such expertise alone is not enough; develop-
ers at a centralized resource may not be adequately
informed about the varied clinical settings in which the
guideline will be implemented. A substantial challenge
for investigators will be to develop, based on current
research tools, aids to guideline development that are
practical and that help users tailor guidelines to their
practice settings.
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Active medical problems for Mr. James: diabetes, angina, congestive heart failure, history of myocardial infarction,
preventive care
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